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® Process for preparing polyester. 

© The invention provides a process for preparing a polyester comprising [A] a liquid P';\«^f . P^/V^^^^^^^^ 
iepin a dicarboxylic acid including terephthalic acid or its ester derivative and a d.ol .nc ludmg ethytene 

SJcol orS ester derivative are subjected to polycondensation reaction in liquid phase and molten state under 
SSg n the presence of a polycondensation catalyst to produce a polyester (a) having an .ntnns.c v^cos, ty as 
^ol^?r«H in rv^^ to 1.5 dl/g; [C] a hot water treatment step in which the polyester (a) is 

co:ZT6 : th ho i^^^^^^^ 30 minutes to 10 hours; [D-l] a drying step in which the polyesjr 

aSrthfh" Iter treatment step is dried at a temperature of 110 to 150 -C for 30 minutes to 6 hours and [D- 
Ta heSt tlTmem step in which the polyester after the drying treatment step is heated at a temperature of 160 
to 200 - C fo^^^^ hours; wherein the finally obtained polyester has an acetaldehyde content of not more than 

Te polyester (a) obtained in the step [A] can be precrystallized in [B] a precrystallization step by keeping it 
in a^atmSere of a heat-up crystallization temperature (T..) to 200 -C for 1 minute to 4 hours, prior to the 
drying step [D-1] and the heat treatment step [D-2]. . , . ^ • .u^ «4<.r^ rm ran al<5o he 

CO Further when the precrystallization step [B] is carried out. the polyester obtamed in the step [B] can also be 
subjected to the heat treatment step [D-2] and then the hot water treatment step [C]. 

ThrDrocess of the invention has advantages that a solid phase polycondensation step can be omitted, and 
the Irocess can proJde a^lyester having a low acetaldehyde content as well as reduced tendency to mcrease 
^ acetaSyde dS" molding process. Thus the polyester obtained by the process of '^e .nventon ,s 
«> Scularsuited as a material for preform and beverage bpttles formed from the preform. These bottles do not 
O alter the tastes of the contents therein. 

CL 
111 



CM 



CM 
CO 



CO 



Rank Xerox (UK) Business Sen/ices 

C3. 10/3.09/3.3.4) 



V 



EP 0 661 326 A2 



FIELD OF THE INVENTION 

5 acetaldehyde during molding thereof by means of simplified steps. 
RAnKQROUND OF THE INVENTION 

as boSes can be prepared and the solid phase polycondensatlon step can be om.tted. 
OBJECT OF THE INVENTION 

SSs such as bottles, and In which the solid phase polycondensatlon step can be omitted. 
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RIIMMARY OF THE INVENTION 



tftmnftrature of 160 to 200 • C for 1 to 10 hours, wherein 
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po.,.s«, W i. k.pl » an ,,mo3p«.,. n,vin, a ..mp....uro o. a h».-up cys^llzatio,. ,on,p„«u,a ad to 

^;^%;r;ror^rrs:p r^rrrjsu ,„ .,»a^. 

measured in o-chlorophenol, of 0.8 to 1.2 dl/g. 

,.ep in wt,ich «» po.y^.er (rt -Pt «".oaP^ a ..mp«a»i™ a 

Toi^Trr :L:r,XTni;c".;^ ",=.., n.., pa.,^ ^ ..a,™,™ a* . 

Thrpo'yestar obtained by the processes of the invention Is suitably used as a material for forming 
preforms and bottles for beverages. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a flow chart of the first process for preparing a polyester f ^^^ding to the invention^ 
F g 2 is a flow chart of the second process for preparing a polyester according to the mvenfon. 
Fig. 3 is a perspective view of a stepped square plate formed in the Examples. 

DETAILED DESCRIPTION OF THE INVENTION 

The first and second processes for preparing a polyester according to the inversion will be described in 
detail hereinafter with reference to the processing flow charts shown in Fig. 1 and F g. 2 

?o S^Mh he first process for preparing a polyester according to the invention is explained. ^ 

SatTl^l a pcUer (a) having an «nalc ..=co.it,. .= m«.rrt in o.oi>1o,opi>enol. 0, 0 7 to 
S. W.W m«n„n, a.p m whi* Iho P0l«»»r (a) la oonuclad M .1 60 ,0.30 • C ,o. 5 
"a'd^i'nV^aP 'in which po„os»r ,.-,) ha.ing passed «e h« „«0- »o..n,on. s.,p is dried a, a 

sl;^ -nrsrarp Zing pas„d ^ — ^.p is 
" -ir: rosr^jr -^i'^':. =0, ^--o^^-,,, ^ 

in Ms invantion the polyester (a) oWalnod in the liquid phase polycondensation step I*! W "» 
sahiir.;7ra preorysUzatlon'step In 1« POVJ^^M-na J.^^" J", ^r^pT ,^'^01 

temperature of a heat-up crystallization temperature (Tci) to 200 C for 1 minute to 4 nours. p 

55 water treatment step [C]. 

The steps of the above process are described below in more detail. 



30 



35 



40 



45 



3 



It 



EP 0 661 326 A2 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



fAl Liquid phase polycondensation step 

in the liquid phase polycondensation step according to the invention, the dicarboxylic acid including 

'^ExlmoS 7lZTZr^o'y^c'aa6s than terephthalic acid used for preparing the copolymerized 

SSc .?e7«oSdfcS~i* and ^ «v*es ...reor Tno, .a, 

'"",;.™LTSrh,TZlTr.'em,lana 9ly«l "■^ ^ W">a«>yla~ »'»<»' 

'"ITTirS'r, r«"'c.";l ba.c«*o ana comlnoons,,, and ^ o. »»n,p« a 

rrta^S 2 a, -dicariowllc aeldT and fte dlM or its aatar derWati.e (al.o r.terrad » » " "« 
M.e»d»id 10 propare a poly.at.,. generally comprlsaa an s8tenf.cal.on raaMon stop [A-U o1 mo 
SSral ".d L dio, and a subsoooon, .g.ld pnasa Poly'J"-'"^*" rT^l « p™p«=i 

^r„r;sirdSn':i-:r2o7r;r;r^^^^^ 

ostol calSt^S ^ connoted undo, « conditions of rollu,dn9 ff.0 dio, »nilo amoving wale, o, 

-ssinT^^iitrracrrp^^^^^^^^^ - 
•pTS-^r^aS ?o;^:ra7ai::'o. osSt.r ".icS^^^^^^^^^^ ^3^s ^ 

:ESrrr^n-xrd:.:^ror^^^^ 

acid^O ino M " in mo pros.no. of a poiycondonsallon catalyst doscnbod i.tor. Ms ateo possib . K, 
». reactton In tho prosonco of a sniali amoont of tetliary amines such as lnmeth,la.nine. tn-n- 

mav be added to all the esterlfication reactors or to any one or more reactors of the firs^ to the las stages. 

S^bsequen ?y thr^^^^ product thus obtained is continuously fed to the hquid phase Polyconclen- 
sation ^X Where the polycondensation reaction is carried out at a temperature not ower than he 
m^g po nt^rmTrLlting polyester under a reduced pressure in the presence of a polycondensat.on 
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„^,on o, .he s,«e ™, >» "-^"^ » ',f„"j;r3V^?»^ j^.Td .h. S„coJens.«on 

280 -C. under a pressure of usually 500 to 20 Torr. preTsraDiy ' nreferablv 270 to 295 

more stages, preferably in three stages, and the P.°'y^'*^' .^"'''f ^7 ' o7j^_ preferably 0.5 to 0.65 dl/g. 
1 ? n of Dolvester heated and dissolved in 5 ml of o-chlorophenol. 

and high transparency can be obt^.ned^ ^^^^^.^.^^^ Examples of the 

"^^^,m and ™, b, added in the „t«l«c.«on ™««on lA-, 1 » » *= »l 

'S'X ~"",rt"ran'S!,n ,e=c», a= daacr,«d Is ^n.a^ .d«ad 

into particles (chips) by a melt extrusion nnolding method. 

fBI Precrystallization step 

,n the present invention, the particulate polyester (a) obtained In the liquid phase polycondensation step 
may be subjected to a precrystallization step. 
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Th. m.orv!talll2Mion Step » crriod out W keeping the pMouCate polyester (a) io a dry » 
tertStlTJa" P »,«o™ tetnperature ^o.) P'^"* « ' '-'^^ »' " 

"»,tTs'i::.:rt.tr=rSys,a,.z«,», step . oo„*cteO in „, »' ";ne.aJrno.pn„^^ 
,„;«rr;i.'?Sr.is»i,"orrpo^^^^ i> tn. pr.o,,s,a.izat,on is ^.os. e,.a, to tnat o. 

T::tZ::f.^o:^^1!^:% other -.n the subsequent hot water treatment step or drying step. 

fC1 Hot water treatment step 

,5 ,n the first process for preparing a polyester according to the invention, the polyester (a) or the 

""'^:^n";e°S;^ (a) o, <» to tn. hot ™te, t,o«™nt as dasc.Pod aPo.e. in«™as. o, 
'~t'.*:rSrr,L'';r^l^ehT*tr^^^^ P-ocess can ^ inhiPlted is •"^''^'^ 

-t^Erdeir'^r^rr^sit-^ .^^^^^^ 

'sTilt. pJ,:^^H: h^T,S'e moldina pcocess. resulting in reduc«on ot acetai.«>,* produoed. 

[D-1 ] Low-temperature drying step 

In the first orocess for preparing a polyester according to the invention, the polyester (c-1) having 

preferred, because this polyester is prevented from being hydrolyzed. 
[D-2] Heat treatment step 

the polyester ic-1) into contact with a flowing gas (e.g.. air or nitrogen gas) heated to 160 to 200 C. 
^hZXhelg under the above conditions, acetaldehyde contained in the polyester Is removed. 

-rt£^:tt;n;x^oTrpr^^^^^^ 

the polyestefiiTS^^^^ *e heat'treatment step has almost the equal intrnsic viscosrty to that of 
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the SireTsTorpCHnTaX'st^^ according to the invention, not on.y 

resulting polyester can be reduced effectively. 

The polyester (d-1 ) prepared by the first process of the invention has 

30 to 50 %. nhtainPri hv the first process of the invention has not only the 
than 20 Dom Dreferably not more than 15 ppm. . i^s^^h 

m f ^=.„=«IMion ,..p in Which th. pol,o=,.r (.) Is k.pt Ih an a,n,osphe» h»ln. . ,«hpe,«or, . 

rcr:=™crrhi^ -^j.;;" ;v=nrf - - — - 

''^ThThe7t!eiment [D-2] and the hot water treatment [C] in the second process of the invention can 
also be <?nl?e7unda! t^^^^^^^^^ described tor the corresponding steps In the first process of the 

'"'t^VS^nJL the comparison between the first and second processes of the Invention that in the 

mmmm^m. 

.„d <S5>tbSn".i ^« ..»"eh, s,ep has alm.s, m. eq.a, ln«n* .lacoail, » «m 

ihrsr:,s -ri^r^afetrrs :z ic ^n,... ^ . 

"T;::S^^",,'^.r » no, „a«, .a«h,an, a, <,a.<«a. ah<».. « o- 
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even if the polyester is heated in the molding process, resulting in reduction of acetaldehyde P^jduced _ 

The whreLr (d-2) having been treated with hot water as described above ,s then preferably sub erted 
to .owtreS;;'drylng. Mo're specifically, the polyester 's ^lesirably dried at a temperature of 110 to 150 
•r nreferablv 120 to 140 'C. for 30 minutes to 6 hours, preferably 1 to 4 hours. ^ ^ 

fror. which water is removed by the low-temperature drying as described above .s 
nreferred because this polyester is prevented from being hydrolyzed. 

' t^he second%rocess for preparing a polyester according to the Invention the precrystalhzajon step 
TBI and the heat treatment step [0-2] are carried out at temperatures lower than those employed .n the so- 
caled sSd phtrSTycondensitio^ step, so that in these steps the polycondensat,on react.on does not 
:SnTal5y proceeS and the intrinsic viscosity of the polyester does not substant.ally increase. 

The Dolvester (d-2) prepared by the second process of the invention has , ^. « „ . , , 

^ran inSic viscX as measured in o-chlorophenol. of 0.7 to 1.5 dl/g. preferably 0.8 to 1.1 dl/g. 

particularly preferably 0.8 to 1 .0 dl/g, and c 
S an acetaldehyde content of not more than 10 ppm. preferably not more than 5 ppm. 
^ FurSierZ poiirester (d-2) prepared by the second process of the invention desirably has a crystal.in.ty 

°* ^Afdesaibed above, the polyester (d-2) obtained by the second process of the invention has not only 
the acetaShydTcon ent but also educed tendency to Increase acetaldehyde in the molding process, 
the '°^/^^f'f 3^^f, 33 a preform obtained from the polyester (d-2) by - injection molding 

Z:^T::oZ tr:^l^ ^ "0^310 -C e.g.. 290 -C has an acetaldehyde content of usually 

'"*rSe™-rb^ ;°:rrr^^^^ of the invention can be used for any 

purpose of S^entioTaSy known polyesters, and are particularly suited for ^'Idlna 
Srtcles ?or example, these polyesters can be fed to a molding machine such as an '"l^^^ion molding 
machTne to forrp^Sorms for hollow articles which is then placed in a mold of predetermined f ape and 
SorLdeHto hollow containers. The hollow containers thus obtained hardly alter the tastes of the 

'°"tS?' polyesters prepared according to the invention can be suitably used as a material for forming 
preforms for beverage bottles. 

EFFECT OF THE INVENTION 

The Dolvesters obtained by the processes according to the invention have not only a low acetaldehyde 
.nntint Tut aSHendency to hardly increase amount of acetaldehyde produced in the molding process. 
The^le hi" SnS such as bottles manufactured from the polyesters do not alter the tastes of the 

""""'further the processes for preparing polyesters according to the invention do not need a solid phase 
noivrondensation step so that the processes have the advantages of productivity and economy. 

The pXterfa'c^o^^^^^ to the invention can be suitably used as a material for forming preforms for 
40 beverage bottles. 

EXAMPLE 

The present invention will be further described with reference to the following exannples. but it should 
be construed that the invention is in no way limited to those examples. 

in this specification, acetaldehyde content or concentration (ppm) is measured w.th ^espec to a 
stepped square ilate molded article as shown in Fig. 3. which is obtained by Injection molding of polyester 

part B is 4 mm. the part C is 6 mm. the part D is 3 mm. the part E is 5 mm and the part F ,s 7 mm. The 
acetaldehyde concentration is measured on the part E of the stepped square plate. 
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Preparation of stepped square plate 

2 kg of dried polyester chips ai 
means of an injection ^°'^'J9^'^^^-;;;---p,rt of a hopper and to a screw feeder shooting part at a 
I rs/hTlpelely; I fbarreneZUre of 290 ?C: at CI . C2. C3 and nozzle tip temperatures 



2 ko of dried polyester chips are injection molded into a stepped square plate as shown in Fig 3 by 
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^ ^or^ .r- oon .r or^H r^H^ -r rflSDectivelv and at a mold-cooling temperature of 15 'C. 

about 72 seconds. The weight of one stepped square plate is about 75 g- 
Measurement of acetalde hvde concentration 
Theaceta.dehvdeconcenj.tio^^^^^^^^^^ 
^nS lZrsZ^'eT^^^'ST:^... ^ ^^^^^ — deterr.ined by 
means of gas chromatography in accordance with an internal standard method. 

Measurement of heat-up crystallization t emperature 

chips are dried at about 140 C under a PJ^^sure ot a polyester chips and potted into 

differential scanning calorimeter ^^^'^^ f ^^^^^^^^ c at which temperature the sample is kept at molten 

obtained. 

Measurement of intrinsic viscosity 
Example 1 

To ,00 DSuls by ».i9ht of BmphMlc acM w.ro addsa 50.5 parts by w«gM ol Mhyten. 9<y^^ 

„.o«plrtC^a...%— J--^^^^^ 

content ol Iho polyostet chips ot«ainaa in «eh ol tl» staps are »l»«n in Table 1. 
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Table 1 
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Polyester chips after 




[A] (a) 


[B] (b) 


tC](c-1) 


[D-1] 


[D-21 (d-1) 


Intrinsic viscosity (dl/g) 


0.84 


0.83 


0.80 


0.80 


0.79 


CH3CHO (ppm) 


90 


22 


21 


17 


4.5 


Water (ppm) 






8.500 


300 


50 


[A] : Polycondensation 

[B] : Precrystallization 

[C] : Hot-water treatment 
[D-1]: Low-temperature drying 
[D-2]: Heat treatment 



The polyester chips (d-1) were further dried at 160 -C for 3 hours in a stream °* "''^°9«'; ''f "J;®.^^ 
The nMr.^ ' thus-dried chips had an intrinsic viscosity of 0.79 dl/g and an 

of's^'c a^atS^^^^^ Of 10 'C. The preform had an acetaldehyde concentration of 10 ppm. 

Comparative Example 1 

The Dolvester chips (a) as obtained in Example 1 were precrystalllzed at 170 -C for 2 h°urs iri a 
stream of nitrogen and then subjected to low-temperature drying at 130 'C for 2 hours, ^^''^v^^^^ 'jV 
S 18? -C for 2 hours The polyester chips obtained after these treatments had an .ntnns.c viscosity of 0.80 
i^and an ace?aWehyde cS,ncentration of 4.4 ppm. After drying at 160 -C for 3 hours. ch-ps were 
molded into a stepped square plate molded article as In Example 1. The molded article had an 

acetaldehyde concentration of 30 ppm. . -.^ . ^aH an aretaldehvde 

Further, a preform prepared from the chips in the same manner as .n Example 1 had an acetaldehyde 

concentration of 25 ppm. 
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Example 2 

The Dolvester chips (a) as obtained in Example 1 were treated in the same manner as ^>^ample 1 
except thaftC- iS^ was omitted and the heat treatment was carried out at /C for 4 hour. 

"hel^itrlSir'.^ acetaldehyde concentration and water content . of the polyester ch.ps obtamed ,n 
each of the steps are shown in Table 2. 

Table 2 
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Polyester chips after 


[A] (a) 


[C] (c-1) 


[D-1] 


[D-2] (d-1) 


Intrinsic viscosity (dl/g) 


0.84 


0.81 


0.81 


0.80 


CH3CHO (ppm) 


90 


75 


64 


6.8 


Water (ppm) 




12,000 


340 


70 


[A] : Polycondensation [C] : Hot-water treatment 
[D-1]: Low-temperature drying 
[D-2]: Heat treatment 
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Further after drying at 160 'C for 3 hours, the chips (d-1) were molded into a stepped square plate 
mnided ricte is in Ixample 1. The molded article had an acetaldehyde concentration of 17 ppm. 
TuThlot a pTeflTpared from the chips in the same manner as in Example 1 had an acetaldehyde 

concentration of 11 ppm. 
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Example 3 

To 100 parts by weight of terephthalic acid were added 46.8 parts by weight of «*y'«;«„9'y^°' 
OO3I part by weight of germanium dioxide to perform esterification reaction ,n a '^on^f 
When the reactron was completed, the solution temperature was 240 -C. Then, to the '^-<^'2.7Toe7Z 
IhhTh 0 030 oart bv weight of trimethyl phosphate to perform polycondensat.on reaction in three stages, In 
fhelast stage 'he P^^^^^^^^ reaction was carried out at a temperature of 270 -C under a pressure 

0T1 ?o . to ob ain a polyester having an intrinsic viscosity of 0.83 The polyester ch.ps had an 

coTcen?aS.n and water cogent of the polyester chips obtained In each of the steps are set forth ,n Table 3. 

Table 3 
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Polyester chips after 




[A] (a) 


[B] (b) 


[D-2] (c-2) 


[C] (d-2) 


Low-temp, drying 


Intrinsic viscosity (dl/g) 


0.83 


0.82 


0.82 


0.82 


0.81 


CH3CHO (ppm) 


53 


11 


2.5 


2.2 


2.2 


Water (ppm) 






40 


6000 


300 


[A] : Polycondensation 

[B] : Precrystallization 
[D-2]: Heat treatment 

[C] : Hot-water treatment 





The nolvester chips (d-2) having been subjected to the low-temperature drying were further dried at 160 
•C S 3'hourst fsuefm Lf nitrogen to reduce the water content in the chips to 40 ppm. T e mu^^^^^ 
Chips had an intrinsic viscosity of 0.81 dl/g and an acetaldehyde concentra .on ^'J^^^^J^^^^^'""^ 
chips were molded Into a stepped square plate molded article as .n Example 1. The molded article had an 

acetaldehyde concentration of 1 2 ppm. ^ ^ haH an arRtaldehvde 

Further, a preform prepared from the chips In the same manner as .n Example 1 had an acetaldehyde 

concentration of 8 ppm. 



Comparative Example 2 

The polyester chips (a) as obtained in Example 3 were precrystalllzed at / ^ ^ Ji^uis in a 

?LrtL'T preform prepared in the same manner as in Example 1 had an acetaldehyde concentration of 
26 ppm. 



55 



Example 4 



The polyester chips (a) as obtained in Example 3 were treated in the same manner as .n Example 3 
except thaUhe hLat treatment was carried out at 170 -C for 4 hours. The intrinsic 
crcentrat on and water content of the polyester chips obtained in each of the steps are shown in Table 4. 
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Table 4 





Polyester chips after 




[A] (a) 


[B] (b) 


[D-2] (c-2) 


[C] (cl-2) 


Low-temp, drying 


Intrinsic viscosity (dl/g) 


0.83 


0.82 


0.81 


0.81 


0.80 


CH3CHO (ppm) 


53 


11 


3.0 


3.0 


2.5 


Water (ppm) 






180 


7500 


600 


[A] : Polycondensation 
[Bl : Precrystallization 
[D-2]: Heat treatment 
[C] : Hot-water treatment 





The nolvester chips (d-2) having been subjected to the low-temperature drying were further dried at 160 
•C S 3 htu's and wSra into a stepped square plate molded article as in Example 1. The mended 

a^de had an ace^idehyde concentration of 13 ppm. Further, a preform prepared in the same manner as .n 
Example 1 had an acetaldehyde concentration of 9 ppm. 

Claims 

' a dicarboxvlic acid inCuding terephthajc add or 

ts es er de?ivative and a diol including ethylene glycol or its ester denvative are subjected to 
polycondensXn reaction in liquid phase and molten state under heating m the Presence of a 
SycoJdensation catalyst to produce a polyester (a) having an intrinsic viscos.ty, as measured m o- 

Z7T.l^''e.l'r^Zir. which the polyester (a) is contacted with hot water of 60 to 130 -C 

rc:^']t"d"^Ctlp^nrh;ch the polyester (c-1) having passed the hot water treatment step Is dried 
flt a temoerature of 110 to 150 • C for 30 minutes to 6 hours, and , ^ ♦ « 

£-2] a h^Stment step in which the polyester (c-l) haying passed the drying step .s heated at a 

"^-ZtXZ^^^ ;:Vrj;^— - content Of not more than 10 ppm. 

^ ''^TZ!'^^^^^-^^ a ^'-^-Vlic acid including terephthanc acid or 
US esTde^rvative and a diol including ethylene glycol or its ester derivative are subjected to 
SolycondensXn reaction in liquid phase and molten state under heating .n the presence of a 
pSycondensation catalyst to produce a polyester (a) having an intrinsic viscosity, as measured .n o- 

fBTXTry^stSizirn Itep'ln' which the polyester (a) is Kept in an atmosphere having a temperature 
of a heat-up crystallization temperature (Tc) to 200 ' C for 1 minute to 4 hours. 
S] a hol water treatment step in which the polyester (b) having passed the precrystall.zat.on step .s 
rontacted with hot water of 60 to 130 • C for 5 minutes to 10 hours. . ^ 

a dryTng step in which the polyester (c-1) having passed the hot water treatment step .s dned 
at a temoerature of 1 1 0 to 1 50 ' C for 30 minutes to 6 hours, and . ^ * ^ « 

[D-2] a heTtr^^^^^ step in which a polyester (c-1) having passed the drying step .s heated at a 
temoerature of 160 to 200 °C for 1 to 10 hours: wherein 

the finally obtained polyester (d-1) has an acetaldehyde content of not more than 10 ppm. 

3 The process for preparing a polyester as claimed in claim 1 or 2. wherein the polyester (a) obtained in 
i^e liquTphase pSycondensation step [A] has an intrinsic viscosity, as measured in o.-chlorophenol. of 
0.8 to 1 .2 dl/g. 

4 The process for preparing a polyester as claimed in any one of claims 1. 2 or 3 wherein the liquid 
;i;LeTo"conden'saSon step [A]' consists of an esterification reaction step [A-1] and a polyconden- 
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sation reaction step lA-2]. and the polycondensation reaction step [A.2] comprises polycondensation 
reactions of three or more stages. 

5 The process for preparing a polyester as claimed in claim 4. wherein the polyester f^ained after the 
polycondensation reaction of the second stage in the polycondensafon reaction step [A-2] has an 

intrinsic viscosity ot 0.4 to 0.7 dl/g. 

6 The process for preparing a polyester as claimed in claim 2. wherein the precrystallized polyester (b) 
obtained in the precrystallization step [B] has a crystallinity of 20 to 50 %. 

7. The process for preparing a polyester as claimed in any one of the preceding claims wherein the 
polyester (d-l) has a crystallinity of 30 to 50 %. 

8. The process for preparing a polyester as claimed In any one of the preceding claims wherein the 
polyester (d-1) has an acetaldehyde content of not more than 5 ppm. 

9 A process for preparing a polyester comprising: . , ^. , , 

[A] a liquid phase polycondensation step in which a dicarboxylic acid including terephthahc acid or 
ts ester derivative and a diol including ethylene glycol or Its ester derivative ^are subjected to . . 
polycondensation reaction in liquid phase and molten state under heating in the presence of a 
polycondensation catalyst to produce a polyester (a) having an intrinsic viscosity, as measured in o- 

fSTpr^cStalli^Iion liep"^'? which the polyester (a) is kept in an atmosphere having a temperature 
of a heat-up crystallization temperature (Tc) to 200 • C for 1 minute to 4 hours. 
[0-2] a heat treatment step In which the polyester (b) having passed the precrystatl.zation step is 
heated at a temperature of 160 to 200 • C for 1 to 10 hours, and \ , ■ 

Si a hot wafeMreatment step in which the polyester (c-2) having passed the heat treatment step is 
contacted with hot water of 60 to 1 30 • C for 5 minutes to 1 0 hours; wherein 

(1) the intrinsic viscosity of the polyester does not substantially increase m the steps [B] and [D-2]. 

O^the finally obtained polyester (d-2) has an acetaldehyde content of not more than 10 ppm. 

10. The process for preparing a polyester as claimed in claim 9. wherein the P^lv^^f ^(^> '^l 
liquid phase polycondensation step [A] has an intrinsic viscosity, as measured in o-chlorophenol. of 0.8 

to 1 .2 dl/g. 

11 The process for preparing a polyester as claimed in claims 9 or 10 wherein the liquid phase 
I?ycondensato°; Lp [A] consists of an esterification reaction step [A-l] and a polycondensation 
ELlcSrstep lA-2]. and this polycondensation reaction step [A-2] comprises polycondensation reactions 
of three or more stages. 

12 The process for preparing a polyester as claimed in claim 11, wherein the polyester subjected to the 
JSrycSIndTsatL reaction of ihe last stage in the polycondensation reaction step [A-2] has an intrinsic 
viscosity of 0.4 to 0.7 dl/g. 

13. The process for preparing a polyester as claimed in any one of claims- 9 to ^2 wherein the 
precrystallized polyester (b) obtained In the precrystallization step [B] has a crystallinity of 20 to 50 ^. 

14. The process for preparing a polyester as claimed in any one of claims 9 to 13 wherein the polyester (d- 
2) has a crystallinity of 30 to 50 %. 

16. The process for preparing a polyester as claimed in any one of claims 9 to 14 wherein the polyester (d- 
2) has an acetaldehyde content of not more than 5 ppm. 

16. A preform formed from the polyester preparable by the process as claimed in any one of the preceding 
claims and a beverage bottle formed from the preform. 
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17. The preform and the beverage bottle as claimed in claim 16. wherein the preform has an acetaldehyde 
content of not more than 20 ppm. 
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[A] Liquid phase polycondensation step 
Po I ycondensat i on in I i qu i d phasie 
between diol and dicar boxy lie acid 
[A-1] Ester if ication reaction step 
I 

[A-2] Po I ycondensat i on react i on step 
To obtain polyester (a) 



^ j 

• [B] Precrystal I ization step 
1 Tc,~200°C I 
j To obtain polyester (b) | 

I 



[C] Hot water treatment step 
hot water of 60~130°C 
To obtain polyester (c-1) 



[D-1] Low- temperature drying step 
110-150*0 



[D-2] Heat Treatment step 
160~200X) 



Polyester (d-1) 

acetaldehyde content ^ lOppm 
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F i g. 2 



[A] Liquid phase pol ycondensat ion step 
Po I ycondensat i on in I i qu i d phase 
between diol and dicarboxylic acid 
[A-1]Ester if ication reaction step 
I 

[A-2] Pol ycondensat ion reaction step 
To obtain polyester (a) 



[ B ] Precrysta 1 1 i zat 1 on step 
Tc,~200tJ 
To obtain polyester (b) 



[D-2] Heat Treatment step 
160~200*t) 
To obtain polyester (d-2) 



[C]Hot water treatment step 
60-130*0 



Polyester (d-2) 

(i)intrinsic viscosity = 0.7~1.5dl/g 
( ii )aceta I dehyde content ^ lOppm 
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